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DREDGED SEDIMENT FOR AGRICULTURE : 
LAKE PARAD ISE , MATTOON, I LL INOIS 
Abst rac t  
Lake Paradise, a water supply l a k e  f o r  Mattoon, I 1  li noi s, has 1 o s t  much 
o f  i t s  capaci ty  due t o  sediment. Th i s  was a study t o  determine the  
a g r i c u l t u r a l  b e n e f i t  o f  Lake Paradise sediment when app l ied  t o  farmland on the  
l ake  watershed. 
About 170 cubic yards o f  sediment were hauled t o  a demonstration s i t e .  
While t h i s  method i s  probably no t  p r a c t i c a l  economical ly on an a g r i c u l t u r a l  
scale, i t  d i d  prov ide a way t o  evaluate the  sediment p r o d u c t i v i t y  du r ing  the  
sho r t  (one year )  term o f  t h i s  p ro jec t .  About 2100 yards o f  sediment were 
a1 so pumped t o  the  demonstration s i t e  us ing a hydrau l ic  dredge. Th i s  was 
s to red behind a g r i c u l t u r a l  te r races  and i s  being dewatered us ing  th ree  
subsurface drainage methods. A study was a1 so conducted o f  the water 
chemistry o f  Lake Paradise dur ing  the  dredging operat ion. 
Resu l ts  showed a s i g n i f i c a n t  y i e l d  increase o f  corn y i e l d s  on the  hauled 
sediment p l o t s  compared t o  the o r i g i n a l  farmland. About $100 p e r  acre  
increased n e t  re tu rns  resu l ted  which would help defray some cos ts  o f  l a k e  
reclamation. It was found t h a t  the  cos ts  o f  l ake  rec lamat ion by app ly ing  
dredged sediment t o  farmland us ing  te r races  i s  d i r e c t l y  r e l a t e d  t o  the  
steepness o f  the land slope. Spray i r r i g a t i n g  sediment was found t o  be 
comparable i n  c o s t  t o  s t o r i n g  behind te r races  w i t h  the disadvantage t h a t  spray 
i r r i g a t i o n  i s  l i m i t e d  t o  s o i l s  o r  specia l  s o i l  management p rac t i ces  where 
eros ion  can be con t ro l l ed .  
A study was conducted o f  the  water chemistry o f  Lake Paradise dur ing  the  
dredging operat ion. Resul ts  showed t h a t  the  p r o j e c t  had a minimal e f f e c t  on 
l a k e  water  q u a l i t y .  
Key words: Water supply, sediment, ter races,  i r r i g a t i o n ,  drainage, water 
qua1 i ty, a g r i c u l t u r a l  product ion. 
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PART I 
P H Y S I C A L  AND AGRONOM1:C I N V E S T I G A T I O N  
I n t r o d u c t i o n  
Water i s  an impo r tan t  resource f o r  economic growth i n  I 1  li no i  s. The 
c o n s t r u c t i o n  o f  a r t i f i c i a l  r e s e r v o i r s  has been essen t i a l  i n  the  development o f  
many communities. Un fo r tuna te ly  i n  many cases these r e s e r v o i r s  have l o s t  
t h e i r  capac i ty  as a  r e s u l t  o f  sedimentat ion. The e x t e n t  and r a t e  of l a k e  
sedimentat ion i s  descr ibed i n  the  Report  o f  the  Upper M i s s i s s i p p i  Bas in  
Coord ina t ing  Committee (21) .  
Lake Paradise was cons t ruc ted  i n  the  upper reach o f  the  L i t t l e  Wabash 
R i v e r  i n  1908 and serves as a  wate r  supply  f o r  Mattoon, I l l i n o i s .  The 
o r i g i n a l  l a k e  was b u i l t  i n  1908. The l a k e  was r e b u i l t  and en1 arged i n  1931. 
A survey was made i n  1979 by a  f i e l d  crew o f  the  I l l i n o i s  D i v i s i o n  o f  Water 
Resources t o  measure t h e  l a k e  capac i t y  and sedirnent depos i t ion .  The r e s u l t s  
were c a l c u l a t e d  by t he  I l l i n o i s  S t a t e  Water Survey and have been repo r ted  by 
Bogner (19) .  Based on the  1931 s p i l l w a y  l e v e l  o f  684.1 f e e t  (mean sea l e v e l  1, 
Lake Paradise had a  p o t e n t i a l  s torage capac i t y  i n  1908 o f  2042 a c r e - f e e t  
(655 m i l  . gal .  1 ; the  capac i ty  i n  1931 was 1905 ac re - f ee t  (621 m i l  . gal  . ) ; and 
i n 1979 t h e  l ake  capac i t y  was 1407 a c r e - f e e t  (458 m i l  . gal . ). 
Du r i ng  the  71 years 1908 t o  1979 a  t o t a l  o f  635 a c r e - f e e t  o f  sediment 
depos i ted  i n  Lake Paradise. The purpose o f  the  present  research p r o j e c t  has 
been t o  cons ider  the  f e a s i b i l i t y  o f  removing some o f  t h i s  sedirnent f rom t h e  
l a k e  and re-deposi t i n g  i t  on the  watershed l and  f rom ~ i h i c h  i t  came. 
The r a t e  o f  sediment depos i t i on  i n  Lake Paradise i s  t y p i c a l  and 
rep resen ta t i ve  o f  most man-made l akes  i n  I l l i n o i s .  Dur ing  t h e  48 years  1931 
t o  1979, t h e  sediment deposi ted i n  Lake Paradise was equ i va len t  t o  0.80 tons  
p e r  ac re  p e r  y e a r  f rom the  watershed. T h i s  i s  a  capac i ty  l o s s  o f  0.51% p e r  
year .  F o r  107 r e s e r v o i r s  surveyed i n  I 1  li noi  s, S t a l l  and Lee (20)  r e p o r t e d  
t he  median r a t e  o f  capac i t y  1  oss was 0.62% p e r  year .  
2 
As w i t h  many l akes  i n  I l l i n o i s ,  Lake Paradise has p r i m a r i l y  an 
a g r i c u l t u r a l  watershed. A t  t he  t ime of t h i s  s tudy i t  was c l e a r ,  f rom a  t o u r  
o f  the  watershed, t h a t  e ros ion  was a  severe problem, p a r t i c u l a r l y  near  t h e  
lake .  I n  many f i e 1  ds t he  pa ren t  m a t e r i a l  was exposed w i t h  r i l  li ng t h a t  had 
taken  p lace a f t e r  t he  l a s t  c u l t i v a t i o n .  C u l t i v a t i o n  was up and down s lopes 
exceeding t h r e e  percen t  i n  many cases, and y i e l d  reduc t ions  from sedimentat ion,  
n u t r i e n t  losses and r o o t  exposure were ev iden t .  
It was the  purpose o f  t h i s  study t o  determine t he  f e a s i b i l i t y  o f  
app l y i ng  t he  l a k e  bed sediment t o  farm land  and t o  s tudy t h e  r e s u l t i n g  e f f e c t  
on c rop  y i e l d s .  Two methods were se lec ted  f o r  app l y i ng  t h e  sediment: h a u l i n g  
t o  the s i t e  by t r u c k  and pumping t o  t he  s i t e  by h y d r a u l i c  dredge. The 
h y d r a u l i c  dredge method i s  the  accepted way o f  economica l ly  moving l a r g e  
q u a n t i t i e s  o f  sediment i n  l a k e  rec lamat ion.  The sediment s l u r r y  must be 
dewatered a f t e r  i t  i s  pumped t o  t he  s i t e .  The hauled sediment was p laced on 
p l o t s  e a r l y  i n  the  p r o j e c t  pe r i od  and d i d  no t  r e q u i r e  a dewater ing p e r i o d  
be fo re  be ing  p laced i n t o  product ion.  
The s i t e  se lec ted  i s  shown i n  F i g u r e  1. It i s  about one m i l e  f rom Lake 
Paradise and was cons idered t y p i c a l  o f  t he  watershed near t h e  lake.  A 
topographic  survey and a  s o i l  survey were conducted i n  1980 and t he  r e s u l t i n g  
map i s  shown i n  F i g u r e  2. The s o i l  d e s c r i p t i o n s  a re  i nc l uded  i n  Appendix I. 
Hauled Sediment Study 
Experimental  Design 
The hauled sediment p l o t s  a re  shown i n  F i g u r e  3. They were l o c a t e d  on 
t he  demonstrat ion s i t e  as shown i n  F i g u r e  2. The t rea tments  were planned t o  
c o n s i s t  o f  sediment depths o f  18 inches,  12 inches and a  check t rea tment  
c o n s i s t i n g  o f  t he  o r i g i n a l  und is tu rbed  p l o t  s o i l .  ' Each t rea tment  was 
r e p l i c a t e d  f o u r  t imes  us ing  .O1 acre p l o t s .  
--- 
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CENTER LINE FOR 1 1  
SEDIMENT SAMPLES 
TAKEN BY DOWR AND ISWS 
F igu re  1. Map o f  Lake Paradise area and demonstrat ion s i t e .  


S i t e  Prepara t ion  
-
The sediment was removed from the  l a k e  a t  two l oca t i ons .  I n  mid-March, 
sediment was removed us ing  a  drag l i n e  from p o i n t  A o f  F igu re  1. A f t e r  t e s t s ,  
however, i t  was found t h a t  t h i s  sediment was no t  e n t i r e l y  l a k e  bed sediment 
b u t  mixed w i t h  t i 1  1  ma te r i a l  f rom below the  l a k e  bed. I n  A p r i l  a d d i t i o n a l  
sediment was removed from p o i n t  B and app l i ed  t o  the p l o t s  u n t i l  the  t i 1  1  
mater i  a1 , p rev ious l y  hauled i n ,  was adequately covered. The percent  c l a y  i n  
the  hauled sedi~nent  i s  compared w i t h  samples taker1 frorri the  l a k e  bottom i n  
F igu re  4. A t o t a l  of about 170 cubic  yards  o f  sediment was hauled t o  t he  s i t e .  
F e r t i l i t y ,  T i 1  lage and P l a n t i n g  -
A s o i l  t e s t  o f  the n u t r i e n t s  phosphorus and potassium was conducted f o r  
the  o r i g i n a l  s o i l  and f o r  the  hauled sediment. F e r t i l i z e r  was added accordi  ng 
t o  the recommendation o f  the U n i v e r s i t y  o f  I l l 1  no i s  Agronomy Department on a l l  
p l o t s .  Table 1 descr ibes the n u t r i e n t s  added. A1 1  n u t r i e n t s  were app l i ed  on 
the  day o f  p l a n t i n g  f o r  the  1981 c rop  season. 
T i l l a g e  on the  dry-hauled p l o t s  cons is ted  o f  a  thorough i n c o r p o r a t i o n  o f  
t he  f e r t i l i z e r  w i t h  a  garden r o t o t i l l e r  on May 19, 1981. Corn p l a n t i n g  was 
accomplished on the  same day us ing  corn  h y b r i d  "Pioneer 3535." The p l o t s  were 
hand weeded and th inned t o  32,000 p l a n t s  pe r  acre. Throughout the growing 
season the re  appeared t o  be no n u t r i e n t  de f ic iency .  Table 2  shows t e s t s  o f  
hauled sediment n u t r i e n t s  dur ing  1981. Some water  de f i c i ency  on the  no 
sediment p l o t s  was apparent i n  Ju ly .  Th i s  was fo l lowed by excess mois tu re  i n  
August. R a i n f a l l  measured near the p l o t  from June 1 t o  September 1 i s  shown 
i n  F igu re  2  o f  Appendix 11. 
Harves t ing  and Y i e l  d  
The hauled sediment p l o t s  were harvested us ing  randomly se lec ted  0.001 
acre  samples. The corn  was weighed and tes ted  f o r  rnoi s tu re ,  and y i e l d s  
repor ted  were ad jus ted  t o  a  15.5 percent  moisture basis.  

Table 1. Nit rogen,  Phosphorous and Potassium Added t o  the Dry-Hauled 
P l o t s  P r i o r  t o  the 1981 Crop Season, Ibs /acre  
N P K 
18" sediment 160 22 5 3 
12" sediment 160 22 5 3 
0 sediment 160 4 2 121 
Table 2. S o i l  Tests Conducted on Samples Taken From Hauled 
Sediment P l o t s  Dur ing 1981 
Samples taken I) 1 K Lime 
A p r i l  1981 
0 sediment 24 1 b/A 190 1 b/A Ph 6.7-7.3 
12" and 18" sediment 6 4 272 7.3 




Table 3. 1981 Corn Y ie lds  on Hauled Sediment P lo t s ,  bu/acre 
Treatment Rep 1 Rep 2 Rep 3 Rep 4 Avg. 
0 sediment 121 106 106 128 115 ' 
12 i n .  sediment 123 125 13 1 126 126 
18 i n .  sediment 143 123 139 16 9 144 ' 
'These y i e l d s  were s i g n i f i c a n t l y  d i f f e r e n t  a t  the  5% l e v e l  us ing  the 
"New Duncan's Mu1 t i p l e  Range Test. " 
9 
H y d r a u l i c a l l y  Dredged Sediment Study 
Experimental  Design 
The dredged sediment p l o t  area was planned as a t i l e  o u t l e t  t e r r a c e  
system w i t h  two sediment bas ins as shown i n  F i g u r e  7. The sediment bas ins 
were each designed t o  ho l  d a maximum depth o f  t h r e e  f e e t  o f  sediment. The 
design a l s o  i nc l hded  an a d d i t i o n a l  depth o f  one f o o t  t o  c o n t a i n  r u n o f f  f rom 
t h e  t e r r a c e  i n t e r v a l  o f  90 f e e t  f o r  a t o t a l  t e r r a c e  depth o f  4 f e e t .  The 
t e r races  were designed as l e v e l  r i d g e s  w i t h  3:l grassed r i d g e  slopes. Outf low 
through the sur face  i n l e t  f o r  each t e r r a c e  was l i m i t e d  by a 1.75 i n c h  o r i f i c e  
p l a t e .  Each bas in  was subdrained w i t h  two t h r e e - i  nch cor ruga ted  p l a s t i c  
subdrains i n  a d d i t i o n  t o  a sur face  i n l e t .  The subdrains represented t h r e e  
methods o f  i n s t a l  l a t i o n  and a re  shown i n  F i g u r e  5 w i t h  t h e i r  des ignat ions.  I n  
t he  f i r s t  method, t he  t u b i n g  was l a i d  on t h e  ground sur face  and a f i l t e r  sand 
f rorn a nea rb j  g rave l  p i  t was app l i ed  ove r  t he  d r a i n  t o  the  p r e d i c t e d  depth o f  
wa te r  i n  the  basin.  The g rada t i on  o f  t he  f i l t e r  sand i s  shown i n  F i g u r e  6. 
The method was r e p l i c a t e d  w i t h  two d ra ins  designated i n  F i g u r e  5 as 
Treatment 1. I n  t he  second method, t h e  t u b i n g  was l a i d  i n  a t r ench  12 inches 
deep and 12 inches wide. The d r a i n  i n s t a l  l ed  by t h i s  method was des ignated 
Treatment 3 i n  F i g u r e  5. The t rench  was then  b a c k f i l l e d  w i t h  6 inches  o f  
f i l t e r  sand. I n  the  t h i r d  method, t h e  t u b i n g  was l a i d  i n  a t r ench  s i m i l a r  
t o  t h a t  o f  the f i  r s t  method except  t h a t  t he  t rench  was b a c k f i l l e d  w i t h  6 
i nches o f  g rave l  . The d r a i n  i n s t a l  l e d  by t h i s  method was des ignated 
Treatment 2 i n  F i g u r e  5. The g rada t i on  o f  the  sand, gravel  and sediment i s  
shown i n  F i g u r e  6. 
A t h i r d  t e r race ,  w i t h  a sur face  i n l e t ,  was cons t ruc ted  above t h e  two 
t e r r a c e  basins. The t h i r d  t e r r a c e  had no subdrains.  I t s  f u n c t i o n  was t o  
p r o t e c t  the dredged sediment t e r r a c e  bas in  from u n c o n t r o l l e d  f l o w  f rom t h e  

















































































































































































































































































































PERCENT FINER BY WEIGHT 
I I 
I I 
Fish Hatchery Rood I1 2 'I 
13 
S i t e  Prepara t ion  
Const ruc t ion  o f  the hyd rau l i ca l  l y  dredged sediment t e r r a c e  basins took 
p lace i n  A p r i l ,  1981. F igure  7 shows a topographic map a f t e r  c o n s t r u c t i o n  of 
the  ter races and the dry sedlrnent p l o t s .  F igu re  8 shows the  r e l a t i o n s h i p  
between e l e v a t i o n  and storage volurne i n  each o f  the te r race  basins. A t o t a l  
o f  3,600 cubic  yards o f  e a r t h  were moved i n  the s i t e  preparat ion.  P a r t  o f  the 
e a r t h  moved was used t o  cons t ruc t  the t h i r d  t e r race  r i dge  shown i n  F i g u r e  6. 
F igu re  9 shows a c ross-sec t ion  view o f  each o f  the subdrains i n s t a l  l e d  i n  the  
west t e r race  basin. A l l  o f  the d ra ins  were i n s t a l l e d  as shown i n  F igu re  5 and 
i n d i v i d u a l l y  entered a manhole where a mon i to r ing  system was used t o  measure 
f low. 
The manhole drained f r e e l y  i n t o  a road c u l v e r t  below the p l o t  area. An 
inst rument  s h e l t e r  was placed above the  manhole t o  ma in ta in  the f l o w  recorders 
and sediment samplers. Groundwater e l e v a t i o n  measurements us ing observat ion 
w e l l s  were made a t  4 l oca t i ons :  two i n s i d e  the  west bas in  and two ou ts ide  the  
west basin. E leva t ions  o f  the water  t a b l e  i n  the sand f i l t e r  were a l s o  
measured w i t h  observa t ion  we1 1s. 
Dredging Operat ion 
The hydraul i c a l  l y  dredged sediment was pumped by a p r i v a t e  dredgi ng 
company from the  l a k e  bottom t o  the experimental  s i t e ,  a  d is tance o f  
approximately 6,000 f e e t .  Two c e n t r i f u g a l  pumps 100 horsepower each were 
used. The f i r s t  pump was p a r t  o f  the f l o a t i n g  dredge. Sediment was loosened 
by an auger, f ed  i n t o  the i n take  o f  t h i s  pump and then discharged through a 
f l e x i b l e  6 i nch  p ipe  t o  the second 100 horsepower pump on the  shore. The 
second pump discharged i n t o  a p ipe  li ne 6,000 f e e t  long  and 6 inches i n  
diameter. T h i s  p ipe l i n e  c a r r i e d  sediment t o  the experimental p l o t s .  Both 




































































Hydraul ic  dredging began on June 18, 1981. The dredge was designed t o  
pump a t  a r a t e  o f  approximately 1,000 ga l lons  per  minute. The pumping r a t e  
was estimated us ing a water balance described on page 18 and found t o  be 570 
g.p.m. The general procedure was t o  f i r s t  use the eas t  t e r race  bas in  as a 
pr imary s i l t i n g  basin. Three s i x  i nch  syphon tubes were used t o  ca r r y  the  
over f low t o  the west t e r race  basin which was used as a secondary s i l t i n g  
basin. When the  eas t  basin f i l l e d  w i t h  sediment, discharge from the  dredge 
was d i rec ted  i n t o  the west basin w i t h  no ou t f l ow  except back t o  the  l a k e  
through the sur face i n l e t .  As shown i n  F igu re  10 the  dredging schedule was 
somewhat i n t e r m i t t e n t ,  p a r t l y  because o f  the operat ional  problems and p a r t l y  
because the te r race  basi ns f i  1 l e d  very r a p i d l y  , especi a1 l y  a f t e r  capaci t y  was 
l o s t  as they f i l l e d  w i t h  sediment. On J u l y  22 the  te r race  basins were f i l l e d  
w i t h  sediment t o  a maximum depth o f  3 ft. and dredging ceased. Using F igu re  8, 
i t  was estimated t h a t  2100 yards o f  sediment were moved t o  the  s i t e  i n  the  
dredging operat ion. The percent c lay  i n  the  dredged sediment i s  compared w i t h  
samples taken from the  l a k e  bottom i n  F igu re  4. 
Hydro1 ogy and Sediment Vol ume Measurement 
Mater i  a1 s and Methods 
Flow ra tes  through the surface o u t l e t s  from the  two te r race  basins were 
measured cont inuously  us ing water stage recorders which measured the  water 
stage behind f l  umes w i  t h  30"V-notched wier .  
R a i n f a l l  measurements were obta ined us ing  a record i  ng 8 i nch  r a i n  gage 
w i t h  a weekly drum r o t a t i o n .  The gage was loca ted a t  the  experimental s i t e .  
Evaporat ion measurements were maintained throughout the dredging 
opera t ion  us ing a standard "Class A"  evaporat ion pan. D a i l y  readings were 
taken 5 days each week w i t h  t o t a l  readings i n t e r p o l a t e d  t o  ob ta in  evaporat ion 
f o r  Saturday and Sunday. 
PUMPING TIME ( hours) 
Ground water  e leva t i ons  were measured i n  the  te r race  basins and adjacent  
t o  the te r race  basin. We1 1 screens and 1 114 i nch  pipes were s e t  i n  augered 
ho les  t o  a depth o f  10 f e e t  and a ben ton i t e  s l u r r y  was used t o  prevent  the  




A water balance was computed f o r  the  two te r race  basins. The equat ion: 
Water i n t o  the bas in  - Water ou t  of the  bas in  = Basin Storage (Eq. 1 )  
was used t o  descr ibe the water  balance. Flow i n t o  the basins cons is ted  o f  
sediment and water  pumped i n  and r a i n f a l l .  Flow ou t  o f  the basins cons is ted  
o f  evaporat ion, f l o w  through the sur face o u t l e t s ,  f l o w  through the  subdrai  ns 
and seepage loss.  Basin storage cons is ted  o f  water and sediment t h a t  stayed 
i n  the basins. 
The pumping r a t e  o f  the dredge was ca l cu la ted  us ing  Equat ion (1 ) .  The 
s o l u t i o n  i s  shown i n  Table 4. The 114 hours pumped were determined us ing  f l o w  
changes on the record o f  the water  stage recorders as i n d i c a t o r s .  An increase 
i n  f l o w  when the pump began o r  a decrease when i t  stopped as i n d i c a t e d  on the  
record was used t o  determine the elapsed pumping time. R a i n f a l l  i n t o  the  
basins was determined from the  r a i n  gage record. Evaporat ion was based on 
pan evaporat ion data w i t h  a 0.7 c o r r e c t i o n  f a c t o r .  Flow o u t  o f  the  basins 
was determined us ing  the  f l ow  records from the  sur face o u t l e t s  and the  
subsurface d r a i n  records. Seepage l o s s  was neglected because no increase i n  
the  ground water  e l e v a t i o n  was noted du r i ng  the i nves t i ga t i ons .  
Table 4. Water Balance t o  Compute t he  Pumping Rate 
R a i n f a l l  
2.93 i n .  x. 1/12 x 75,000 f t . 3  (Bas in  r u n o f f  area)  
Evapora t ion  
6-19 t o  6-25 
E. Bas in  area 7,600 f t 2  
W .  Basin area 8,100 f t 2  
1.67 i n .  x .7 (pan f a c t o r )  x 1/12 x 15,700 f t 2  = 
6-25 t o  6.30 
E. Bas in  area 2,1500 f t 2  
W .  Basin area 21,200 f t 2  
1.34 i n .  x .7 (pan f a c t o r )  x 1/12 x 42,700 f t 2  = 
7-1 t o  7-7 
E. Bas in  area 21,200 f t 2  
W .  Basin area 22,500 f t 2  
.59 i n .  x .7 (pan f a c t o r )  x 1/12 x 43,700 f t 2  = 
7-8 t o  7-20 
E. Bas in  area 21,200 f t 2  
W .  Basin area 24,600 f t 2  
2.46 i n .  x .7 (pan f a c t o r )  x 1/12 x 45,800 f t 2  = 
T o t a l  evapora t ion  
Sur face o u t l e t s  
6-19 t o  7-20 
1 BN 
2BN 
T o t a l  





T o t  a1 
Storage 
F low o u t  o f  bas in  + s torage 
.14 + 2.19 + 2.13 + .89 
T o t a l  f l o w  i n t o  bas in  o t h e r  than r a i n f a l l  5.35 - .18 
Pumping r a t e  f o r  114 hours (To ta l  pumping t ime )  
(5.17 x 105 x 7.5) c (114 x 60) 570 gpm 
20 
Costs o f  App ly ing  Sediment 
The cos t s  o f  app l y i ng  sediment t o  farm l and  r e s u l t  f rom sediment 
t r a n s p o r t  and s i t e  p repara t ion .  Sediment t r a n s p o r t  may be accompli shed by 
hau l ing ,  us ing  t r u c k s  and excava t ing  equipment such as a back-hoe o r  d r a g - l i  ne. 
Another sediment t r a n s p o r t  technique i s  the  t i yd rau l i c  dredge. When l a r g e  
amounts o f  sediment a r e  moved, t he  dredge proves most economical. The 
h y d r a u l i c  dredge may be combined w i t h  an i r r i g a t i o n  system f o r  sediment 
a p p l i c a t i o n .  
S i t e  p repa ra t i on  i n v o l v e s  p repa r i ng  t he  farm l a n d  area so t h a t  t he  
sedi  rnent can be placed, dewatered and prepared f o r  a g r i c u l t u r a l  p roduc t ion .  
Terrace Basins 
One technique f o r  dewater ing i s  through t he  use o f  t e r r a c e  bas ins as were 
used i n  t h i s  study. Table 5 summarizes the  cos t s  o f  c o n s t r u c t i n g  a t e r r a c e  
system assuming t h a t  earthmoving can be completed a t  $1.00 p e r  cub ic  yard .  No 
subdra in  dewater ing system i s  i nc l uded  i n  t he  cos ts .  Two t e r r a c e  depths were 
considered. Table 5 shows t h a t  t he  c o s t  p e r  cub ic  y a r d  o f  sediment s to red  
inc reases  w i t h  an inc rease  i n  l a n d  slope. Whi le the  deeper t e r r a c e  was found 
t o  be a more economical storage s t r u c t u r e ,  i t  would n o t  be as convenient  t o  
use i n  some s i t u a t i o r ~ s  because o f  t he  g r e a t e r  r i dge  he igh t .  The t e r r a c e s  i n  
Table 5 i nc l ude  capac i t y  t o  s t o r e  r a i n f a l l  w i t h  a 10-year r e t u r n  per iod .  A 
t e r r a c e  system w i l l  r e t u r n  very  l l t t l e  sediment t o  t he  lake .  
I r r i g a t i o n  System 
Another technique o f  app ly ing  sediment i n v o l v e s  t he  use o f  an i r r i g a t i o n  
system. Whi le such a system was no t  used i n  t h i s  study, t h e  c o s t s  f o r  one 
se lec ted  i r r i g a t i o n  system a re  summarized i n  Table 6. The system was designed 
t o  apply sediment t o  an 80 ac re  area a t  t he  r a t e  o f  2.4 inches p e r  year .  A 
t r a v e l e r  i r r i g a t o r  w i t h  a 1,000 g a l l o n  p e r  minute gun would app ly  24 inches 
of water  and 2.4 inches o f  sediment p e r  year .  As shown i n  Table 6 t h e  t o t a l  
c o s t s  o f  ope ra t i on  f o r  t he  system would be $.37 pe r  cub ic  y a r d  o f  sediment 
a p p l i e d  t o  t he  land.  The c o s t  o f  a  s to rage  bas in  between t h e  dredge and t h e  
i r r i g a t i o n  system i s  no t  inc luded.  T h i s  i s  t he  amount i n  excess o f  t h e  c o s t  
o f  the h y d r a u l i c  dredge and can be compared t o  t he  cos t s  o f  a  t e r r a c e  system 
when s e l e c t i n g  a p p l i c a t i o n  techniques. Some management p r a c t i c e  w i l l  be 
necessary t o  reduce e ros ion  on s l o p i n g  l a n d  i f  an i r r i g a t i o n  system i s  used. 
Perhaps a  reduced t i l l a g e  system would be such a  p r a c t i c e .  
Table 5. Terrace Costs and Sediment Storage 
Usinq t h ree  f o o t  t e r races  
Terrace Sediment Cost/  Terrace 
Land Slope Spaci ng S to red  Y d  Cos t / A  
% f t Inches 
Using f i v e  f o o t  t e r races  
.5 1000 
P r o j e c t e d  Costs and Returns i n  a  Farming Operatior1 
Table 7  summarizes t he  f e r t i l i z e r  c o s t s  and r e t u r n s  from a  f u l l  s c a l e  
fa rm ope ra t i on  i f  we can assume t h a t  our  1981 y i e l d s  were t y p i c a l .  The 
p roduc t i on  c o s t s  a r e  based on p r o j e c t i o n s  f o r  1982 by t h e  U n i v e r s i t y  o f  
I 1  l i n o i s  Department o f  A g r i c u l t u r a l  Economics. Returns a re  based on t h e  
p r o j e c t e d  co rn  p r i c e  f o r  s p r i n g  1982. 
Table 6. I r r i g a t i o n  Cost  Computation f o r  a T r a v e l e r  System 
Apply ing Sediment t o  an 80 Acre Area 
Concentrat ion o f  sediment 1.0 i n .  water/O.l i n .  sediment 
A p p l i c a t i o n  schedule 1.0 i n .  water/week f o r  24 weekslyear 
2.4 inches o f  sediment 
Time o f  pumping 24 acre  inches o f  water  a t  120 p.s.i. and 1,000 gal /min 
648 m i  nutes/ac r e  
Pump s i ze  1000 x 8.34 I b / g a l  x 130*p.s.i. x 2.31 f t / p . s . i .  = 150 h.p. 
-- 
33,000 x 0.50 1E f f i c i  ency ) 
Pu~iipi ng c o s t  648/60 = 11 hours 
11 x 150 h.p. = 1650 h.p. hr. /acre 
1650 x ,746 = 1200 kWhr 
1200 x $.04 = $48/year pumpi ng c o s t  pe r  acre say $50/year/acre 
E a u i ~ m e n t  investment 
$20,000 f o r  an 80 acre system 
Eaui ~ r n e n t  annual c o s t  
Using 12% and 5 y e a r  l i f e  
$70/year equi pment c o s t  
To ta l  i r r i g a t i o n  c o s t  
Equipment c o s t  + pumping c o s t  
170 + $50 = $120/acre/year 
For  2.4 inches of sediment 
$.37 per  cubic y a r d  o f  sediment 
*An add i t i ona l  10 p.s.i. w i l l  be l o s t  us ing  a supply bas in  f o r  s torage between 
the dredge and the i r r i g a t i o n  system. 
Table 7. Costs and Returns i n  the Farming Operat ion from an 
18 Inch Sediment A p p l i c a t i o n  Compared t o  a Zero Sediment Treatment 
F e r t i l i t y  c o s t  (per  acre) 
Phosphate Potassium Ni t rogen To ta l  
zero  sediment 
18 i n .  sedirnent 
Other cos ts  (same on both t reatments)*  300.00 
To ta l  costs 
zero sedi ment 
18 i n .  sediment 
Returns 
zero sediment (115 bu/acre x $2.65/bu) 
18 i n .  sediment (144 bu/acre x $2.65/bu) 
Returns - cos ts  
zero sediment 
18 i n .  sedirnent 
*Using U n i v e r s i t y  o f  ll li noi s Department o f  A g r i c u l t u r a l  Economics 
P ro jec t i ons  f o r  1982. 
We can conclude from Table 7 t h a t  wh i l e  cu r ren t  re tu rns  fro111 co rn  
product ion  are  low, t h e r e  i s  a p red ic ted  $100 per  acre increase i n  re tu rns  due 
t o  the increased y i e l d s  and lower f e r t i l i z e r  requirement o f  the 18 i nch  
sediment treatments compared t o  the zero sediment treatment.  
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Execut ive Summary 
The r e p o r t  summarizes the r e s u l t s  o f  a  four-month study o f  the chemical 
e f f e c t s  o f  hyd rau l i c  sediment dredging on water  q u a l i t y  i n  an a g r i c u l t u r a l  
watershed. The p r i n c i p a l  aims o f  our e f f o r t s  were: t o  determine e f f e c t s  on 
i n - l a k e  water  q u a l i t y  due t o  dredging and t o  evaluate the e x t e n t  o f  n u t r i e n t  
o r  so l  i d  1  osses from t ranspor ted  sediments which may a f f e c t  t h e i r  use fu l  ness 
f o r  the rec lamat ion o f  badly eroded a g r i c u l t u r a l  s o i l .  
The study was organized i n  t h ree  phases. F i r s t  o f  a1 1, base l i ne  
lneasurements o f  l a k e  water  and sediment chemist ry  were taken t o  e s t a b l i s h  
pre-dredging cond i t i ons  i n  the  watershed. Secondly, i n t e n s i v e  f i e 1  d  and 
1  aboratory observat ions were made d u r i  ng dredgi  ng t o  determi ne the  immedi a te  
impacts o f  sediment removal. F i n a l l y ,  one month a f t e r  dredging ceased, a  
f o l l  ow-up ser ies  o f  measurements were taken which pe rm i t  impact eva lua t i on  o f  
the o v e r a l l  p ro jec t .  
Dredging was conducted from June 18-July  22, 1981, on a  d iscont inuous 
schedule. Although opera t ing  cond i t i ons  var ied,  about 2,500 cubic  meters o f  
sediment were removed and t ranspor ted  t o  the dewatering s i t e .  Roughly 66% o f  
the t o t a l  pumpage was performed i n  t he  i n i t i a l  f i f t e e n  days o f  operat ion.  
Water and sedi~ i ient  sampling took p lace  on f o u r  dates du r i ng  dredgi ng, as we1 1  
as once before and a f t e r .  Ove ra l l  water  q u a l i t y  cond i t i ons  i n  Lake Paradise 
dur ing  the sp r i ng  and summer o f  '81  were normal, judg ing  from the  background 
data co l  l e c t e d  i n  prev ious years. P r e c i p i t a t i o n  cond i t i ons  dur ing  the  p r o j e c t  
per iod, however, were about s i x  inches above repor ted  ( ' 78 - ' 80 )  normals. It 
was c l e a r  t h a t  r u r ~ o f  f e f f e c t s  overs hadowed dredgi ng impacts i n the  watershed. 
l 4 i  t r a t e  and z i n c  l e v e l s  i n  the  L i t t l e  Wabash R i v e r  and i n  Lake Paradise 
gene ra l l y  were h ighe r  than prev ious averages under the  i n f l uence  o f  increased 
r u n o f f .  Dissolved oxygen l e v e l s  were s l i g h t l y  1  ower than p rev ious l y  
2 6 
repor ted seasonal data though the waters cons i s ten t l y  approached 100% 
satura t ion .  To ta l  suspended and v o l a t i l e  s o l i d s  were s l i g h t l y  lower  than the 
prev ious ly  repor ted  seasonal values i n  the upper p o r t i o n  o f  the lake. 
Nonetheless, o the r  than h igh  t u r b i  d i  ty associ ated w i t h  per iods o f  r a i  n f a l  1  , 
the l oca l  water  company encountered no s i g n i f i c a n t  treatment problems i n  
f i n i s h e d  d r i n k i n g  water  p roduct ion  from t h e  lake.  Samples o f  e l u t r i a t e  water 
from the dredge s p o i l  area c o n s i s t e n t l y  showed super io r  water q u a l i t y  t o  those 
c o l  l e c t e d  a t  a  c u l v e r t  on the immediate rece i v ing  stream ( c u l v e r t )  p r i o r  t o  
discharge i n t o  the L i t t l e  Wabash River .  Th i s  strearn received seasonal r u n o f f  
from %10 acres o f  adjacent  farmland p lan ted  i n  row crops. 
The l i m i t e d  dredging o f  Lake Paradise c l e a r l y  resu l ted  i n  no s i g n i f i c a n t  
adverse impacts on water q u a l i t y  dur ing  the spr ing  and summer o f  1981. 
Methods and Mater i  a1 s  
Lake sampling was conducted from a  pontoon boat  using: e i t h e r  a  
P V C - t e f l  or@ Juday b o t t l e  o r  a  nodi f i e d  S u l l i v a n  mud/HzO i n t e r f a c e  sampler f o r  
water  samples. Fo r  sediment samples, a  70 cm g r a v i t y  c o r i n g  device was used. 
Samples were preserved upon c o l l e c t i o n ,  t ranspor ted  on i ce ,  o r  analyzed on 
s i t e .  Grab samples o f  water o r  sediment, both i n  the watershed and a t  the  
dredge s i t e ,  were taken by hand, p ro tec ted  by polyethy lene gloves. Chemical 
parameters o f  i n t e r e s t  and p a r t i c u l a r s  o f  t h e i r  handl ing and a n a l y t i c a l  
determinat ions are  contained i n  Table 8. I n  some cases the standard methods 
have been modi f ied  t o  c o r r e c t  f o r  the  h igh  s o l i d  o r  organic contents 
f requen t l y  encountered i n  l a c u s t r i n e  waters o r  sediments. The p r i n c i p a l  
departure from more "standard" methods was t h a t  used i n  the  determinat ion o f  
f e r rous  i ron ,  Fe( I I ) ,  s ince most o-phenanthrol i ne methods s u f f e r  from 
i nterferences from na tu ra l  organic compounds. The improved method was no t  
implemented u n t i l  l a t e  i n  the study, and the  e a r l y  data i s  repor ted a t  low 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Sampling s i t e s  a re  shown i n  F i g u r e  11, the  d e t a i l  o f  which i s  n o t  drawn 
t o  scale. Dredging was conducted i n  the shal low ( ~ 3 - 4 '  ; 1 m) upper p o r t i o n  o f  
the lake, designated area 1. The dredged ma te r i a l  was pumped v i a  6" aluminum 
p ipe  approximately one m i l e  t o  the dewatering s i t e .  It was discharged t o  the 
pr imary pond (A) which was connected t o  the  secondary pond (B) by siphon 
arrangements. Both ponds were cons t ruc ted  w i t h  underdrai  ns and r i s e r s  
connected t o  a c e n t r a l  manhole ( S i t e  3 )  f o r  meter ing the volume o f  e l u t r i a t e  
water  discharged t o  the c u l v e r t  ( S i t e  4)  and the rece i v ing  stream. Sampling 
s i t e s  on the L i t t l e  Wabash R i v e r  were chosen a t  road br idges  above ( S i t e  5) 
and below ( S i t e  6 )  t he  conf luence o f  the t r i b u t a r y  stream and the  main 
channel. 
Sediment oxygen demand measurements we r e  made by a batch resp i  rome t r i c  
procedure descr ibed e l  sewhere (8) .  De ta i l ed  oxygen-temperature p r o f i l e s  i n  
the lake  water  cnlumn were made be fore  and a f t e r  the dredging operat ion.  
These were obtained w i t h  a YSI-54 oxygen meter which was c a l i b r a t e d  d a i l y  w i t h  
the  modi f ied Wink le r  t i t r a t i o n .  
Resu l ts  and Discussion 
The data cog l e c t e d  i n  the course o f  the  p r o j e c t  i s  conta ined i n  t he  
Appendix. Lake water  and sediment sampling surveys were conducted be fore  and 
a f t e r  the dredging opera t ion  on May 2 6 ,  1981 and on August 20, 1981. More 
i n t e n s i v e  sampling a t  the s i x  s i t e s  descr ibed above was performed du r i ng  
dredging on June 18, June 23, and June 24 as w e l l  as on J u l y  9, 1981. The 
sampling frequency was d i c t a t e d  by the  weather, equipment opera t ion  and the  
e f f i c i ency  w i t h  which the t ranspor ted  sediment s l u r r y  c o u l d  be dewatered. 
C l imato log ica l  Condi t i o n s  
F igu re  12 descr ibes d a i l y  r a i n f a l l  and approximate dredgi ng progress 
dur ing  the operat ion.  Dredge output, expressed i n  me t r i c  tons (1000 kg)  per  
F igu re  11. Map of Lake Paradise s tudy  area. 
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day, has been est imated by us ing the dredge's ra ted  capacity,  1000 g.p.m. 
(3,780  erni in-1) and a 10% (V/V) s o l i d s  content.  Actual pumping ra tes  were 
about 60% o f  design output  a t  17% so l i ds .  Est imates o f  the t o t a l  volume o f  
sediment moved averaged 3,260 yd3 (2,477 m3). Assuming a un i fo rm removal 
ra te ,  approximately 66% o f  the sediment was removed i n  the  f i r s t  15 days o f  
operat ion. 
Our sampling dates dur ing dredging were timed t o  be a t  l e a s t  two days 
a f t e r  s i g n i f i c a n t  (>0.5") r a i n f a l l  events t o  minimize the  e f f e c t s  o f  e a r l y  
washout o r  peak runof f  periods. R a i n f a l l  data were obtained from the  NOAA-NWS 
C l  imato l  ogical  Data Summaries (9 ) .  Prec i  p i  t a t i o n  i n the Lake Paradi se 
watershed has averaged 36.5 inches annual ly  s ince 1978. 1978 and 1979 l e v e l s  
were w i t h i n  th ree  inches o f  the average, wh i l e  1980 was about 7 inches be1 ow 
normal. The per iod  A p r i l  through August rlormally accounts f o r  ~ 5 5 %  o r  more o f  
t he  annual t o t a l .  I f  t h i s  were t o  apply i n  1981, the watershed would rece ive  
~ 5 1 "  o f  p r e c i p i t a t i o n ,  roughly 14" above the  annual average f o r  the  d i v i s i o n .  
The l a t e  spr ing  and summer r a i n s  o f  1981 t o t a l l e d  %6" above normal, al though 
nea r l y  70% o f  t h i s  excess was received i n August a f t e r  dredging ceased i n  Lake 
Paradise. The L i t t l e  Wabash r i v e r  f l o w  i s  no t  gaged above Lake Paradise and 
actual  discharge values were not  ava i lab le .  I t  i s  safe t o  say, however, t h a t  
dredging occurred dur ing  a "wet" pe r iod  and r u n o f f  e f f e c t s  on water q u a l i t y  
must be considered i n  subsequent data i nterpre ta t ions .  
Water Q u a l i t y  Condi t ions Dur ing the  Study Per iod  
The p r i n c i p a l  source o f  background data on Lake Paradi se water qua1 i ty 
was co l  l ec ted  by the I 1  li noi s Envi ronrnental P r o t e c t i o n  Agency (IEPA) 
Mon i to r i ng  U n i t  from s e r i a l  sampling dur ing  1979 (10).  The watershed l and  use 
i s  predominately (80%) cropland and pasture. Since Lake Paradise i s  shal low 
and small r e l a t i v e  t o  the s i ze  o f  the watershed, i t s  water q u a l i t y  i s  sub jec t  
32 
t o  s i g n i f i c a n t  f l u c t u a t i o n s .  The study above po in ted  out  t h a t  n i t r a t e  and 
phosphate l e v e l s  show s i g n i f i c a n t  increases due t o  heavy r a i n f a l l .  On the 
bas i s  o f  t h e i r  l imno log i ca l  survey, the  IEPA has c l a s s i f i e d  the l a k e  i n  
Group 8, e x h i b i t i n g  genera l l y  poor q u a l i t y  and h igh  problem p o t e n t i a l .  Th i s  
I E P A  study f u r t h e r  d isc losed t h a t  sur face water q u a l i t y  cond i t i ons  were 
poorest  i n  the headwaters o f  the lake, main ly  due t o  sediment resuspension and 
t u r b i d i t y .  On the o the r  hand, r e s u l t s  from t h i s  and o the r  s tud ies  (11,121 
show t h a t  sediment contaminant l e v e l s  a re  l e a s t  i n  the  upper p o r t i o n  o f  the 
l a k e  as compared t o  sediments i n  deeper regions downstream. 
Since dredging was conducted i n  t h i s  area o f  the l ake  (F igure  1; Map 
S i t e  I ) ,  water qua1 i ty and sediment sampl i ng dur ing  1981 concentrated i n  t h i s  
region. D e t a i l s  o f  i n t e n s i v e  mon i to r ing  a re  tabu la ted  i n  Table 9. From the  
outse t ,  i t  was c l e a r  t h a t  observed v a r i a t i o n s  o f  a l l  chemical parameters were 
g rea te r  than the a n a l y t i c a l  u n c e r t a i n t i e s  l i s t e d  i n  Table 8. The data show 
- 
h igh  l e v e l s  o f  d isso lved n u t r i e n t s  (NO;, ~ 0 4 )  and adequate d issolved oxygen 
(D.O.) concentrat ions over the e n t i r e  study period. F luc tua t i ons  i n  D.O., pH, 
and a1 k a l i n i t y  may be a t t r i b u t e d  t o  d iu rna l  changes due t o  photosynthesis.  
The l e v e l s  o f  TSS ( t o t a l  so luble s o l i d s )  and n i t r a t e  observed p r i o r  t o  
dredging on May 26 and June 18 r e f l e c t  the order  o f  magnitude e f f e c t s  o f  
sp r i ng  ra ins  and row-crop c u l t i v a t i o n  on water q u a l i t y .  The h ighes t  l e v e l s  o f  
n i t r a t e  encountered dur ing  the study per iod  were observed i n  May du r ing  a  
r a i n f a l l .  Dissolved oxygen l e v e l s  were no t  depressed below the  General Use 
Standard (10) o f  5.0 mg.L-1 except i n  the  e a r l y  morning sample on June 23. 
The value o f  4.6 mg.L-l r e f l e c t s  the dep le t i on  o f  oxygen due t o  overn igh t  
r e s p i r a t i o n  processes as w e l l  as the oxygen demand o f  the suspended ma te r ia l .  
A comparison o f  the ava i l ab le  data i n  1979 and i n  1981 a1 lows one t o  pu t  
the immediate i n - l a k e  impacts o f  dredging versus r u n o f f  e f f e c t s  i n t o  
Table 9. Lake Paradise (Dredge S i t e )  Water Q u a l i t y  Data 1981 
Date : 5/26 6/18 6123 6/24 7 j 9  8/20 
Time: 1200 0745 1220 0925 1120 1305 1500 1000 
P H 
Temperature 
A1 k a l  i n i  ty 





F e ( I 1 )  












pe rspec t i ve  (Table 10) .  T h i s  t a b l e  con ta ins  t he  average value, and sample 
popu la t i on  s tandard dev ia t i ons  f o r  a v a i l a b l e  May-August water  qua1 i ty 
observat ions.  A l though the  nurnber o f  samples l i m i t s  t he  s i g n i f i c a n c e  one can 
a t t a c h  t o  observed v a r i a t i o n s  i n  t he  wa te r  q u a l i t y ,  several  conc lus ions  may be 
drawn: 
Water q u a l i t y  was no t  s i g n i f i c a n t l y  poorer  i n  1981 than i t  was 
du r i ng  t he  comparable p e r i o d  o f  s tudy i n  1979, w i t h  t he  p o s s i b l e  
except ions o f  d i sso l ved  oxygen, n i t r a t e  and z inc .  
The d i sso l ved  oxygen l e v e l s  a t  t h e  dredge s i t e  i n  1981, though 
l owe r  than  t he  1979 average (68% conf idence i n t e r v a l  ) ,  [net t h e  
General Use Standard and approached 100% sa tu ra t i on .  
N i t r a t e  concen t ra t ions  averaged ~ ~ 3 9 . 5  mg- L-1, about t h r e e  t imes 
h i g h e r  than those observed i n  1979. Yet, t h e  l e v e l s  were n o t  s i g n i -  
f i c a n t l y  above t he  maximum concen t ra t i on  l e v e l  s e t  by t he  Na t i ona l  
I n t e r i m  Prirnary D r i n k i n g  Water Regu la t ions '  maximum c o n c e n t r a t i o n  
l e v e l  o f  44.3 r n g - L - l * ~ 0 j *  (13)  (a1 so expressed as 10 m g - ~ - l ~ ~ 0 3 - ~  = 
A l so  the  observed increase i n  n i t r a t e  appeared t o  peak o u t  
d u r i n g  e a r l y  Ju l y .  The l owes t  va lue o f  t he  study p e r i o d  was 
ob ta ined  on August 20, 1981, one month a f t e r  dredging ceased and on l y  
f i v e  days a f t e r  a  3" r a i n f a l l .  A s i m i l a r  p a t t e r n  o f  n i t r a t e  concen- 
t r a t i o n s  was e v i d e n t  i n  the  1979 da ta  set .  T h i s  phenomenon may be 
evidence o f  the  gradual l each ing  and t r a n s p o r t  o f  NO; f rom s o i l s  
a f t e r  l a t e  fa1 1  o r  e a r l y  s p r i n g  a p p l i c a t i o n s  o f  n i t rogenous  
f e r t i l i z e r s .  
+ 
The wate r  qua11 ty (NHq, o- PO^, VSS, and EFe l e v e l s )  c o n d i t i o n s  
du r i ng  t he  1981 dredging p e r i o d  a lone  were s i g n i f i c a n t l y  l owe r  (68% 
Tab1 e I Q .  Lake Paradise Dredge S i t e  : Surface Water Chemistry In tercompar i  son 
Parameter IEPA '79  Dredging per iod  '81 OveraZZ s m e r  period 
X S.D. (n = 4 )  x S.D. (n) x S.D. (n) 
D.O. 
D.O. % sa t ' n .  
NO, o; I > 





conf idence i n t e r v a l )  than  those du r i ng  t h e  1979 study. 
Due t o  our  improved d e t e c t i o n  l i m i t  f o r  t he  t r a c e  metals,  we 
were ab le  t o  o b t a i n  a  f u l l  da ta  s e t  f o r  comparison purposes. The 
o v e r a l l  average z i n c  va lue o f  163 + 74 v g - ~ - l  i s  s i g n i f i c a n t l y  
h i g h e r  than  the  s i n g l e  10 v g * ~ - l  r e s u l t  f o r  t he  p e r i o d  i n  1979. 
Bo th  sediment d i  sturbance d u r i n g  dredgi  ng and above average 
r a i n f a l l  apparen t l y  c o n t r i b u t e d  t o  s i g n i f i c a n t  changes i n  c e r t a i n  
wa te r  q u a l i t y  i n d i c a t o r s  i n  the  shal low upper p o r t i o n  o f  Lake 
Paradise. The l a k e  data a lone does n o t  p e r m i t  unequivocal 
conc lus ion  as t o  the  c o n t r o l  li ng v a r i  able. Sediment chemi s t r y  and 
the  wate r  q u a l i t y  o f  the L i t t l e  Wabash R i v e r  must be considered. A 
c a r e f u l  assessment o f  the so lub le  chemical species i n  t he  sediment 
pore  waters shoul d  p rov ide  an i n d i c a t i o n  o f  immediate 
sed iment - re la ted  c f  f ec t s .  C lea r l y ,  i n-1 ake wate r  qua1 i ty i s  
d i r e c t l y  a f f e c t e d  by t h a t  o f  i t s  ma jo r  t r i b u t a r y .  
Ammonium, manganese, and f e r r o u s  i r o n  a r e  t he  p r i n c i  pa l  
d i  sso lved species i n  sediment pore waters which a re  s i g n i f i c a n t l y  
h i g h e r  than  t h e i r  l e v e l s  i n  sur face  waters. The Lake Paradise 
sediment da ta  i n  Appendix 2  and i n  p rev ious  p u b l i c a t i o n s  (11,12) 
t oge the r  w i t h  t he  1979 wate r  q u a l i t y  da ta  (10)  p e r m i t  t he  e s t i m a t i o n  
o f  concen t ra t i on  f a c t o r s .  These a re  de f i ned  as t he  r a t i o  o f  the  
average pore wate r  concen t ra t i on  t o  the  l a k e  wate r  average. The 
+ 
values f o r  l~Jtl4 , Mn and F e ( I 1 )  were approx imate ly  100, 25 and 4. I f  
sediment resuspens i o n  immedi a t e l y  re1 eased these pore wate r  species 
i nto  o v e r l y i n g  waters,  one woul d  expect  t h a t  t h e i r  concen t ra t ions  
woul d  increase p ropo r t i ona te l y .  Th is ,  however, was n o t  t h e  average 
case f o r  the  dredging p e r i o d  o f  1981. Average ammonia and F e ( I 1 )  
l e v e l s  dur ing  dredging were indeed lower than those i n  1979. The 
s ing le  h igh ammonia concentrat ion encountered on June 24, 1981 was 
co inc ident  w i t h  peak values o f  TSS and Mn. On the basis o f  the 
s ing le  "peak" i n  these chemical parameters, l i t t l e  can be concluded. 
The p r e v a i l i n g  in f luence o f  r u n o f f  on lake water q u a l i t y  becomes c l e a r  on 
perusal o f  the L i t t l e  Wabash R ive r  data (Appendix 1I.D. and 1I.E.). Two 
s t r i k i n g  trends are c lear .  
+ - 
F i r s t  of a1 1, NHq and NO3 maxima, as we1 1 as trends i n  concen- 
t r a t i o n s  i n  the  lake, correspond very c l o s e l y  t o  those i n  the L i t t l e  
Wabash River.  Th is  holds f o r  both r i v e r  s i t e s  above and below 
e l u t r i a t e  r e t u r n  f l ow  stream a t  S i t e s  5 and 6, respect ive ly .  
Secondly, the l e v e l s  o f  both soluble chemical species decrease 
almost un i fo rmly  i n  the order  o f  L i t t l e  Wabash (above), below and i n  
the  dredging area. Indeed the n i t r a t e  concentrat ion a t  S i t e  5 was 
near ly  twice the l e v e l  a t  S i t e  1 on each sample date. 
The ove ra l l  p i c t u r e  o f  the Lake Paradise watershed s i t u a t i o n  dur ing  the  
study can be seen i n  fo l l ow ing  several c r i t i c a l  parameters through a complete 
loop from Si tes  1 through 6. Th is  exerc ise i s  shown i n  F igure  13 using data 
from June 23-June 24, 1981, the dates on which the l e v e l s  o f  reduced species 
(most i n d i c a t i v e  o f  sediment d i  sturbance) showed t h e i r  maximum 1 eve1 s. 
+ 
Dissolved oxygen, TSS, NHq, Fe( I1)  and NO; are p l o t t e d  versus the ser ies  of 
sampling p o i n t s  and the p r i n c i p a l  i n te rven ing  processes between po in ts .  No 
attempt has been made t o  i n f e r  the dynamics o f  the system. I n t e r p r e t a t i o n  
must be r e s t r i c t e d  t o  the comparison o f  r e l a t i v e  l e v e l s  o f  these chemical 
parameters. 
One w i l l  note the d r a s t i c  changes occur r ing  dur ing hydrau l ic  sediment 
t ranspor t  t o  the dewatering area. The system was closed and release o f  
reduced species causes dep le t ion  o f  ava i l ab le  oxygen t o  below d e t e c t a b i l i t y .  

T h i s  process i s  the most f requen t l y  i d e n t i f i e d  envi  ronmental impact o f  
dredging i n  cases where the spo i l  i s  discharged t o  another body o f  water 
1 4 5 .  Since the aim of t h i s  study was dewatering and assessment o f  the  
sediment value t o  rec la im land r a t h e r  than mere channel deepening, dredging 
impacts were minimized by design. 
The dewatering process, as evidenced by the  manhole sample, r e s u l t e d  i n  
+ 
reae ra t i on  o f  the  e l  u t r i a t e  water and a p r e c i p i  t i o u s  dec l ine  i n  NHq, Fe ( I1 )  
and TSS. Throughout t h i s  work i t  was obvious t h a t  the  bes t  a v a i l a b l e  
"na tu ra l "  water i n  the area was t h a t  from the  manhole. The d i f f e rence  between 
the manhole and c u l v e r t  r e s u l t s  r e f l e c t s  the  mix ing o f  dredge e l u t r i a t e  water 
w i t h  r u n o f f  from nearby f i e 1  ds. S l i g h t  increases i n  oxygen and n i t r a t e ,  as 
we1 1 as a l a r g e  increase i n  TSS, charac ter ized the c u l v e r t  samples. 
From the  c u l v e r t ,  r u n o f f  and dredge e l u t r i a t e  waters fo l lowed the  
meandering course o f  an unnamed creek t o  the  L i t t l e  Wabash River .  There are  
several o the r  t r i b u t a r i e s  and sep t i c  f i e l d s  which e n t e r  the  r i v e r  between the 
above and below s i t e s .  No attempt has been made t o  account f o r  t h e i r  
i n f l  uence on water qual i ty. I t was general l y  t r u e  t h a t  the  r i v e r  qual i ty 
above the confluence o f  e l u t r i a t e  water  and the  main channel was no b e t t e r ,  i f  
not  s l i g h t l y  poorer, than t h a t  be1 ow t h i s  po in t .  
The general conclusions described above h o l d  t r u e  f o r  the  J u l y  19, 1981 
i n t e n s i v e  mon i to r ing  per iod.  We conclude t h a t  the  e l u t r i a t e  r e t u r n  water had 
an impercept ib le impact on L i t t l e  Wabash R i v e r  qual i ty. Thus, t h e  immediate 
e f f e c t s  o f  the dredging operat ion were minimal and l i m i t e d  t o  sediment 
resuspension and disturbance. 
Sediment C hemi s t r y  
The data on sediment chemical composit ion i s  tabu la ted  f o r  i n - l a k e  
sediment cores and L i t t l e  Wabash R i v e r  grab samples i n  Appendix 2. The surface 
4 0 
sediments i n  the  r i v e r  a r e  coarse'  sands w i t h  general l y  1 ower l e v e l  s o f  
anthropogenic p o l l u t a n t s .  F i n e r  g ra ined  s i l t s  and c l ays  i n  t h e  l a k e  t end  t o  
concen t ra te  t r a c e  meta ls  and organic  contaminants (10) .  The b u l k  o f  p a s t  data 
on sediments i n  the  Lake Paradise watershed a r e  f rom sur face  grab samples 
which tend t o  obscure t he  v e r t i c a l  g rad ien t s  o f  most chemical c o n s t i t u e n t s .  
These g rad ien t s  have been considered much g r e a t e r  than  h o r i z o n t a l  g rad ien t s  i n  
o t h e r  f reshwater  systems. It appears, however, f rom p a s t  surveys ( 1 0 , l l )  t h a t  
h o r i z o n t a l  g rad ien t s  i n  Lake Paradise a r e  cons iderab le  when compared t o  t he  
depth p r o f i l e s  measured du r i ng  1981. However, t h e  l i m i t e d  number o f  sediment 
cores i n  the  l a k e  make i n t e r p r e t a t i o n  o f  t he  da ta  d i f f i c u l t .  
The sediments i n  the  upper p o r t i o n  o f  Lake Paradise c o n t a i n  l e v e l s  o f  
t r a c e  meta ls  which a r e  very  near the  n o r t h  hemispheric average f o r  s o i l s  (16) .  
The sediments a r e  a l s o  balanced i n  n u t r i e n t s  and l owe r  i n  t o t a l  metal l e v e l s  
t han  some commerci a1 s o i  1 amendments ( 17 1. An i ntercompa ri son o f  Lake 
Paradise sediments and the  s o l i d s  mentioned above i s  noted i n  Tab le  11. 
C lea r l y ,  t he  sediments a re  most c l o s e l y  comparable t o  t he  s o i l  and cow manure. 
Suggest ions f o r  F u t u r e  P r o j e c t s  
There a r e  severa l  aspects o f  t h i s  p r o j e c t  which pose i n t e r e s t i n g  
ques t ions  f o r  f u t u r e  i n v e s t i g a t i o n .  They deal w i t h  d i  s t i n g u i  sh ing  r u n o f f -  
r e l a t e d  changes i n  wate r  qua1 i ty from those o f  dredging opera t ions  and i n  
improvement o f  the  dewater i  ng p r o p e r t i e s  o f  f reshwater  sediments. 
- 
The impact o f  NO3 on lake,  r i v e r  and groundwater q u a l i t y  i n  a g r i c u l t u r a l  
watersheds i s  an a c t i v e  area o f  research. Apar t  frorti t he  d i r e c t  impacts  on 
d r i n k i n g  wa te r  s u i t a b i l i t y  the e f f e c t s  o f  o v e r - f e r t i l i z a t i o n  and r a p i d  
e u t r o p h i c a t i o n  o f  wa te r  supply l akes  shou ld  be s tud ied.  The e f f e c t  o f  the  
gradual l each ing  o f  n i t r a t e  from a g r i c u l t u r a l  s o i l s  has n o t  been c a r e f u l l y  













































































































































































































































































































































































observed general l y  h igher  l e v e l  s o f  d i  ssolved n i t r a t e  i n  f l ow ing  streams 
dur ing  e a r l y  spr ing  ra ins .  Th is  t rend  appeared t o  taper  o f f  w i t h  cont inued 
r a i n s  i n t o  the summer. Some attempt shoul d be made t o  analyze pas t  data t o  
determine i f  t h i s  i s  general l y  t rue.  Also, n u t r i e n t  budgets o f  a g r i c u l t u r a l  
watersheds, stream and l a k e  sediments should be performed t o  determine i n p u t s  
t o  s h a l l  ow groundwater systems which supply base- f l  ow t o  streams dur ing  d r i e r  
periods. 
Frequently,  the  l i m i t i n g  process i n  dredging operat ions i s  the  r a t e  o f  
dewatering o f  the dredged mater ia ls .  I f  c e r t a i n  admixtures o f  s o i l  amendments 
( c a l  c i  urn carbonate, ca l  c i  urn sul  fa te ,  e tc .  can be used t o  improve dewateri ng 
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S o i l  Ser ies Desc r i p t i ons  
a. F i n c a s t l e  #496 
Th i s  s o i l  occupies medium-size i r r e g u l a r l y  shaped areas near l a r g e  
streams. On t h i s  s i t e  the s o i l  i s  gen t l y  s l op ing  t o  f l a t  w i t h  very 
l i t t l e  erosion. The sur face  l a y e r  i s  dark grayish-brown s i l t  loam 
12 inches th i ck .  The subsoi l  i s  s i l t y  c l a y  loam i n  t he  upper 5 inches 
and c lay  loam t o  a depth o f  46 inches. The under ly ing  ma te r i a l  i s  a  
calcareous heavy loam. The p r o d u c t i v i t y  index f o r  g r a i n  crops w i t h  
h i g h  managment i s  130. 
b. Miami #27 
Miami s o i l s  a re  on s ides o f  drainageways and on h i 1  l s i d e s .  They are 
gen t l y  s l o p i  ng t o  s t r o n g l y  s l o p i  ng and are we1 1 drained. The sur face 
l a y e r  t y p i c a l l y  i s  very dark grayish-brown and brown s i l t  loarn about 
7 inches t h i c k .  The subso i l  i s  s i l t y  c l a y  loam i n  the  upper 5 inches 
and c l a y  loam t o  a depth o f  48 inches. The under ly ing  ma te r i a l  i s  
calcareous c l a y  loam till. Miami s o i l s  are found i n  the  Miami-Xenia 
Drummer Associat ion.  The p r o d u c t i v i t y  index f o r  g r a i n  crops w i t h  h igh  
mangement i s  120. 
c. Or ion  #415 
Or ion  s o i l s  a re  on bottom lands. They have slopes which range from 0 
t o  3 percent  and are moderately w e l l  drained. The sur face l a y e r  i s  a 
dark g ray i sh  brown s i l t  loam t o  a depth o f  21  inches. T h i s  i s  under- 
l a i n  by a dark g ray i sh  brown s i l t j  c l a y  loam t o  a depth o f  42 inches. 
l ~ h e  p r o d u c t i v i t y  index i s  a re1 a t i v e  number used t o  denote the  produc t ive  
capac i ty  o f  a  s o i l .  I t  approximates the average y i e l  d  o f  corn  f o r  a  
speci f i  ed management condi t i o n .  
The under ly ing  mater ia l  i s  a  neu t ra l  s i l t  loam. The p r o d u c t i v i t y  
index f o r  g r a i n  crops w i t h  h igh  management i s  130. 
d. Xenia #291 
Xenia s o i l s  a re  on mounds and h i l l t o p s .  They are gen t l y  s l op ing  t o  
moderately s l op ing  and are  moderately we1 1 drained. The sur face l a y e r  
t y p i c a l l y  i s  dark grayish-brown s i l t  loam about 9 inches t h i c k .  The 
upper p a r t  i s  s i l t y  c l a y  loam and the  lower  p a r t  i s  c l a y  loam. The 
under ly ing  ma te r i a l  i s  calcareous c l a y  loam till. Xenia s o i l s  are 
found i n  the Miami-Xenia-Drummer Associat ion.  The p r o d u c t i v i t y  index 
f o r  g ra in  crops w i t h  h igh  management i s  125. 
e. Guide f o r  S l o ~ e  C l a s s i f i c a t i o n  o f  S o i l s  
Designat ion -
f. Eros ion C l a s s i f i c a t i o n  o f  S o i l s  
Desianat ion 
% range 
Degree o f  Eros ion  
None t o  S l i g h t  
Moderate 
Severe 
APPENDIX 1 I . A .  
S I T E  I 1  - DREDGE OUTLET P I P E  
--- 
Date : 6/ 23 7/9- 
Time : 0840 1040 0957 
Units 
PH 6.75 6.90 7 .3  
Temperature O C 23.7 23.5 29.0 
A l k a l i n i t y  meq/ L 3.79 3.88 n/a 
Dissolved 
Oxygen 
S i  (OH) L, 
0- PO: 
TSS 
VSS 4 1,230.0 4,068.0 
C A 1  
TOC 
% Carbon d r y  weight 0.65 0.645 
C P mg/kg 108.5 412.8 
APPENDIX 1 I . B .  
S I T E  I11 - MANHOLE, 3BL (WEST DRAIN I N  SECONDARY POND) 
Date : 6/23 6/ 24 7/9 










Fe ( I  I )  












APPENDIX 1 I . C .  
S I T E  I V  - CULVERT 
Date 6/18 6 /23  6/24 7/9 
Time : 1115 0825 1055 1210 1105 0947* 1145 1331 1521 
Un i t s  
PH PH 7.70 6 .83  7.06 7.50 7.85 7.23 7.66 7 .73 7.76 
. - 
Temperature O C  - - 22.0 26.0 28.0 23.8 28.0 29.5 32.0 33.0 
A l k a l i n i t y  meq/L 2.44 3.03 2.93 3.59 3.42 3.07 3.04 3.07 3.04 
Dissolved 
Oxygen 





TOC mg/L -- 13.14 -- - - 9.92 83.85 -- - - 11.34 
* Sample was ve ry  muddy - metal  a n a l y s i s  done as i f  dredge sample (by d ry  we igh t ) .  
A g/kg 
V mg/kg 
APPENDIX 1 I .D .  
SITE v - LITTLE WABASH RIVER (ABOVE SITE) 
Date 6/23 6/ 24 7/ 9 
Time : 0811 0956 1150 1050 0905 1100 1325 1450 
. ,. Units  
PH PH 7.75 7.47 7.70 8.05 7.75 7.77 7.78 7.77 
Temperature O C  18.5 18.5 19.0 20.1 24.6 26.0 26.2 26.5 
A l k a l i n i t y  meq/L 3.95 3.92 4.02 3.95 4.37 4.30 4.17 4.34 
Dissolved 
Oxygen 







APPENDIX 1 I . E .  
S I T E  V I  - L I T T L E  WABASH RIVER (BELOW S I T E )  
Time : 0912 1104 1220 1210 0935 1137 1316 1515 - 
U n i t s  
,< . 
P H PH 7 .04 7.44 7 . 8 3  7.70 7 . 7 3  7 . 6 8  7 .77  7 .83  
Tempera ture  O C  20 .6  22.0 22 .2  23.2 25.7 27.0 28.4 29.1 
A l k a l i n i t y  meq/L 3 .85  3.88 4 .05  3.95 4 . 3 7  4.40 4 .27  4 .24  
D i s s o l v e d  mg 
Oxygen 




TOC 4 6.14 - - - - 5.36 3 .32  - - - - 6 . 0 8  
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APPENDIX I11 .A .  Sediment Samples Before Dredging 5/26/81 
Whole Sediment Data 
Sediment Cores LP-3, LP-4 
C P  Sediment 
Depth Wet Percent Acid oxygen 
intervaZ density organic reactive demand C A Z  CFe CMn CCu C C ~  CPb 
(em) g * m ~ ' l  carbon mg=kg-l mg*g*hr'l g*kg-l l ~ e t ) t - - - - - - m g * k g - ~ -  
Grab Sample S i t e  5 (above) 
- - 7.24 39 - - 10.6 14.0 882 11.3 0.82 41.6 
Grab Sarnple S i t e  6 (below) 
A1 1 determinations are  reported on a dry sediment basis.  + 
conczuded on next page 
-- -- - - - - - - - - 
82'0 -- I L 
- - - - - - - - 
GE-SE 
-- -- - - - - - - - - 
0 9'8 8L ZZ'O 11 01'0 0'19 PC-61 
P9T L'8 ZE'O ST 9 59'0 S0'0 1'L 08 80'0 LO11 EO'O 9'1E 81-12 
151 S'E 0 €11 90'S 9S'O 0 Z 16 01'0 P'ZZ 90'0 9'ET 12-ST 
LP 8'S PO 1 09's 1 81'0 9.5 901 S1.0 Z'EZ 11.0 E 'ST '81 -8 
012 P'L TS'O I 11 0 St'0 5.S 06 81'0 . 9-12 11'0 P.11 L-0 
APPENDIX 1 I I . B .  
LP-9,  LAKE PARADISE 
6 - 1 8 - 8 1  
CORE SAMPLE DURING DREDGING I N  DREDGE S I T E  
Depth Z C P  C F e  C A l  CMn C P b  CCu CCd 
(cm) % H20 % Carbon mg/kg t-- g/kg -+ -mg/kg -------+ 
41-44 3 2 . 8  0 . 6 5  l o s t  24 .0  3 4 . 2  418 .6  2 9 . 5  2 7 . 2  1 . 3  
APPENDIX I I I . C ,  Sediment Samples A f t e r  Dredging 8/20/81 
Whole Sediment Data 
Sediment Cores LP-11, LP-13 
Sed;ment 
oxygen C P 
Wet Percent demand acid 
Depth (X) density organic mg-g-hr'l reactive C A 2  C Fe C Mn C Cu C Cd C Pb C Zn 
(em) g - m ~ ' l  carbon (LP-16) mg-kg-l +-g/kg--t - m g * k g p  
Grab Sample S i t e  5 (above) 
-- 1.4 - - 5 0 34 6.1 230 1.6 0.57 14.7 7.4 
Grab Sample S i t e  6 (below) 
- - 3.2 - - 160 11.0 11.5 240 6.0 0.64 24.4 39.2 
A l l  determinat ions are reported on a d r y  sediment basis. 
concluded on next page 
APPENDIX I I I .C. Sediment Samples A f te r  Dredging 8/20/81 (concluded) 
Pore Water Data 
Sediment Cores LP-11, LP-13 
Depth Dissolved 
in terval  organic o- PO^ S~(OH)L, HS- / f  N$ 0 0 Fe MI 
( e m )  carbon 4 mg L- b 
0- 7 33.9 0.05 40.0 <0.05 14.4 0.94 <0.01 0.23 5.21 
8- 14 36.0 0.04 46.0 
15-21 23.7 0.04 42.4 
22-28 35.4 0.07 40.0 
29-34 31.2 0.03 36.7 










Y 0.29 5.52 
